Encephalitozoon cuniculi is a microsporidial parasite, which has rarely been reported to cause placentitis in animals. A late-term aborted fetus and placenta from a Quarterhorse were presented to the Livestock Disease Diagnostic Center, University of Kentucky, for diagnostic examination. There was a necrotizing placentitis, with distension of many chorionic epithelial cells by intracytoplasmic vacuoles containing 1-2-mdiameter, elongated, gram-positive organisms. The organisms were identified as E. cuniculi by electron microscopy and by polymerase chain reaction using primers to microsporidial ribosomal DNA. Joints of the fetus were swollen, with gross and microscopic lesions of synovitis; however, E. cuniculi DNA was not detected.
Encephalitozoon cuniculi is a microsporidial organism, which has been reported to infect a wide range of mammals, including humans, and some avian species. 7 Microsporidia are members of the phylum Microspora and are obligate intracellular parasites, which exist as spores outside their hosts. 7 They possess a characteristic structure called the polar filament the extrusion of which allows infection of host cells. 7 Once inside cells, members of some genera, including Encephalitozoon, differentiate and multiply within cytoplasmic parasitophorous vacuoles. 7 Different genera in the phylum Microspora can be differentiated ultrastructurally based on presence or absence of the parasitophorous vacuole, spore size, and number and arrangement of cross sections of the polar filament. 7 Encephalitozoon cuniculi infection has been rarely reported in horses. 4, 6 This report describes a case of E. cuniculi placentitis and abortion from a Quarterhorse mare.
A female equine fetus and placenta from a Quarterhorse mare, aborted 6 weeks before the expected foaling date, were submitted for diagnostic examination to the Livestock Disease Diagnostic Center, Department of Veterinary Science, University of Kentucky, Lexington, Kentucky. Approximately 3 months previously, the mare had been moved to Kentucky from New Mexico with a group of 20 other horses. No other mares in the group had aborted. Grossly, small to large patches of yellow, viscous exudate were scattered over chorionic surfaces of the body and both horns of the placenta. The fetus had a crown-rump length of 87 cm; the lungs were aerated. Joints were moderately distended by semiopaque, thin, red-brown fluid, and the synovial lining was markedly swollen by tan to red gelatinous material. There were a few pinpoint pits in articular cartilage of the right and left stifle joints. Aerobic cultures of the lung, liver, spleen, stomach content, placenta, and fluid from the left and right hock joints were negative. Direct fluorescent antibody tests conducted on kidney and placenta did not detect Leptospira spp. No antibodies to any of 6 serovars of Leptospira were detected in fetal pericardial fluid or heart blood. Agar gel immunodiffusion tests of heart blood were negative for coccidioidomycosis and histoplasmosis. Fluorescent antibody tests conducted on frozen sections of fetal lung tissue did not detect equine herpesvirus 1 antigen. No viruses were isolated from the placenta or the pooled fetal tissues. Two weeks after the abortion, a complement-fixation test on a serum sample from the mare was negative for Chlamydophila psittaci.
Representative tissue samples were fixed in 10% neutral buffered formalin, routinely processed, and embedded in paraffin wax. Five-micrometer sections were mounted on glass slides and stained with haemotoxylin and eosin (HE). Sections of placenta and synovial tissue were also stained with Brown and Brenn Gram stain (BB) or Gimenez stain, or reacted with periodic acid-Schiff. Sections of placenta were subjected to immunohistochemistry for Chlamydiaceae lipopolysaccharide and Coxiella burnetii, using the monoclonal antibody 11b5 a or human patient antiserum, b respectively, in a labeled streptavidin-biotin assay.
A representative portion of placenta was removed from a paraffin block and re-embedded in plastic for electron microscopy. From the same block a 20-m section was obtained and used for extraction of DNA. A 20-m section was also cut from a paraffin block containing fetal synovial tissue, and DNA was extracted in a similar manner. Microscopically, large amounts of necrotic debris coated, and in some fields largely obliterated, the chorionic villi. Moderate numbers of intact and desquamated chorionic epithelial cells were distended by solitary intracytoplasmic vacuoles containing 20-40, 1.6ϫ 0.6-m, gram-positive and Gimenez-positive, elongated nucleated organisms (Fig. 1A, 1B ). Moderate numbers of individual organisms were also scattered extracellularly within the necrotic debris. Small to moderate numbers of macrophages, neutrophils, lymphocytes, and plasma cells multifocally expanded the stroma of chorionic villi and the subjacent placental membrane. In some sections numerous blood vessels within the chorionic villi were distended by fibrin thrombi. There was marked hypertrophy of chorionic epithelial cells at the bases of the chorionic villi. Antigens of Chlamydophila and Coxiella spp. were not detected by immunohistochemistry. Ultrastructurally, the observed microorganisms were identified as spores of the phylum Microspora by the presence of a thick wall; a single oval, eccentric nucleus; and 4-5 bilateral transverse sections through a coiled filament (Fig. 2) . A 1,200-bp band of DNA (approximating the total length of the 16s ribosomal RNA of 1,299 bases) was amplified by thermocycling, using DNA isolated from the paraffin-embedded placenta as a template and primers derived from the conserved regions of microsporidial ribosomal DNA. No such band was amplified from the paraffin-embedded synovial tissue. The amplicon was TA cloned into the vector pCR 2.1 and used to transform Escherichia coli. Plasmids from selected colonies were prepared and sequenced. The partial sequence of the inserted fragment (806 bp) had 97% homology with E. cuniculi (GenBank accession number AF517832). Diagnosis of E. cuniculi placentitis was based on this strong correlation of the 806bp fragment with the known DNA sequence for that species, in conjunction with histological and ultrastructural findings.
There was villous hyperplasia of the synovium; multifocal erosion of synoviocytes and coating of the eroded surfaces by fibrin with entrapped granulocytes was also noted. Moderate numbers of plasma cells were scattered within superficial stroma, with smaller numbers of granulocytes, lymphocytes, and siderophages. Deeper stromal tissue was expanded by edema fluid, with increased numbers of small blood vessels and small numbers of scattered leukocytes extending from the synovial surface. Mild hepatic lipidosis was also noted.
Encephalitozoon cuniculi is well known as a cause of subclinical granulomatous encephalitis and nephritis in immunocompetent rabbits and rodents. 7 In carnivores, encephalitozoonosis is a fulminating disease, seen typically in neonates, that affects the brain, kidney, liver, and lungs. 5 A spontaneous case of E. cuniculi placentitis was reported in a squirrel monkey, and organisms were observed in chorioamniotic arteries and perivascular villous stromal tissue of the placenta. 9 In contrast to this case, focal mononuclear vasculitis was noted. 9 The Armed Forces Institute of Pathology (AFIP) Wednesday Slide Conference collection contains one case of E. cuniculi placentitis from a Quarterhorse mare, which had aborted at 9 months of gestation. 4 The organism was identified by ultrastructural examination. In both that specimen and this case, chorionic epithelial cells were heavily infected; however, in this case placental necrosis and inflammation were more severe. Although chlamydial organisms also were isolated from both the placenta and the fetal tissues in the AFIP case, 4 no evidence of chlamydiosis was seen in this case. In a report from South Africa, severe lymphoplasmacytic interstitial nephritis due to E. cuniculi infection was observed in a stillborn Clydesdale foal that was close to term; placentitis was not described. 6 Vertical transmission has been reported in a number of other species, causing fetal infection in the absence of placentitis. 1, 3, 8, 9 With the exception of the placenta, microsporidia were not identified in fetal tissues in both this case and the AFIP case. 4 There was synovitis in this fetus, but no microscopic or molecular evidence of intralesional E. cuniculi was found. To the authors' knowledge, similar lesions of fetal synovitis in equines or other species with E. cuniculi placentitis and abortion have not been previously reported.
The source of the E. cuniculi infection in this case is not known. There may have been contamination of feed by urine from another species. Infected animals, including rabbits, shed spores in the urine after development within renal tubular epithelial cells. Most infections are acquired by ingestion or inhalation of these spores; within the host the infection spreads hematogenously and by direct extension of spores into adjacent cells. 7 This mare either may have been infected during pregnancy or may have had ongoing release of spores into the vascular system from an established infection site. The means by which spores were transferred to trophoblastic cells is not indicated.
It is possible that migration of infected leukocytes to the uterus was responsible, with extension of spores to the trophoblasts through endometrial cells and the uterine fluid or through macrophages that emigrate into the chorionic villous stroma. The mare did not show any clinical signs before or after the abortion. It has been suggested that the uterus is a predilection site for infection in the blue fox. 2 This also may be the case in the mare; however, more cases will need to be documented. It is not known if E. cuniculi infection affects the future breeding performance of infected mares. Attempts to breed this mare by artificial insemination in the following season were unsuccessful; poor semen quality may have been the cause.
Clinical systemic encephalitozoonosis has not been reported in adult horses; however, E. cuniculi does appear to be a rare cause of sporadic abortion. Therefore, microsporidia should be considered a differential diagnosis for intracellular organisms observed in chorionic epithelial cells of horses. They can be recognized by size, spore morphology, and gram-positive or Gimenez-positive staining properties. Definitive identification of microsporidia is achieved by ultrastructural examination, whereas species identification is dependent on DNA analysis.
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